(39.5‰); and PQB (38.0‰). Analytical error of <0.5‰ was obtained from replicate analyses of samples and laboratory standards.
Carbon and oxygen isotope analysis
Approximately 1 g of calcium carbonate material was drilled with a masonry bit from the purest limestone laminates available in each sample. Carbonate carbon (δ 13 C) and carbonate oxygen (δ 18 O) isotopes of this material were then quantified at the Woods Hole
Oceanographic Institution using the methods of Ostermann and Curry (2000) .
Elemental analysis
Approximately 0.5 g of powdered whole-rock material was digested for two hours in aqua regia at 95ºC. The solution was then diluted and analyzed for relative concentrations of Sr, Mn, and Al by ICP-MS. International certified reference materials USGS GXR-1, GXR-2, GXR-4, and GXR-6 were analyzed at the beginning and end of each sample batch. Internal control standards and duplicate samples were analyzed after every ten samples.
Detailed Stratigraphic Description of the Nama Group Carbonates
The Nama Group was deposited in a foreland basin of the Kalahari Craton that developed during convergence along the bordering Damara and Gariep compressional belts (Grotzinger and Miller, 2008; Gresse and Germs, 1993; Germs, 1995 Germs, , 1974 . The Nama basin was divided by a basement arch into northern and southern sub-basins during the deposition of the lower Nama Group ( Fig. 1 ; Grotzinger and Miller, 2008; Germs, 1983; Saylor et al., 1998) . The Proterozoic portion of the Nama Group, which is the focus of the present study, comprises the Kuibis and most of the overlying Schwarzrand subgroups. These subgroups were deposited in shore-associated settings ranging from upper shoreline/tidal flats to below-wave-base lower shoreface (Grotzinger and Miller, 2008; Saylor et al., 1995 Saylor et al., , 1998 Germs, 1995) .
Carbonate units in the Kuibis subgroup are mostly contained within the lower and upper
Omkyk and Hoogland members and are recognized across the northern sub-basin ( Fig. 1 ; Grotzinger and Miller, 2008; Saylor et al., 1995 Saylor et al., , 1998 Germs, 1995 and Miller, 2008; Saylor et al., 1995 Saylor et al., , 1998 Germs, 1995) . The Huns member consists largely of meter-scale upward coarsening cycles of calcisiltites, calcarenites, pellet/intraclast grainstones, and stromatolites. It is capped by pinnacle reefs, indicative of a flooding surface, which are enveloped in the green siltstones and shales of the roughly 70 m thick non-carbonate Feldschuhhorn member Saylor and Grotzinger, 1996) . The Spitzkopf member comprises fine-grained, thinly-bedded calcisiltites with locally developed thrombolites and stromatolites, indicative of lowenergy deep-ramp deposition (Grotzinger and Miller, 2008; Saylor et al., 1995 Saylor et al., , 1998 .
The studied sections of the Nama Group are highly fossiliferous, containing Ediacarantype fossils (Narbonne et al., 1997; Germs, 1972b; Jensen et al., 2000) , Vendotaenids (Germs et al., 1986) , Cloudina (Germs, 1972a; Grant et al., 1991) , Namacalathus (Grotzinger et al., 2000) , Namapoikia (Wood et al., 2002) , and other calcified fossils (Grotzinger and Miller, 2008; Germs, 1995; Germs et al., 1986; Grotzinger et al., 1995) .
Age constraint
The age of the Nama Group is relatively well-constrained from the U-Pb dating of three ash beds within the group ( Fig. 1 ; Grotzinger et al., 1995) : 549 ±1 Ma in the Hoogland member (Kuibis subgroup, northern sub-basin); and 545 ±1 Ma and 543 ±1 Ma in the Spitzkopf member (Schwarzrand subgroup, southern sub-basin). The Proterozoic-Cambrian boundary is represented by a regionally extensive erosional unconformity near the top of the Schwarzrand subgroup in the southern sub-basin (Germs, 1983; Saylor and Grotzinger, 1996; Narbonne et al., 1997; Grotzinger et al., 1995) , which is overlain by incised-valley fill dated (U-Pb, ashbed) at 539 ±1 Ma .
Therefore, assuming constant rates of sedimentation above and below the dated ash beds, the Nama Group section investigated here spans approximately 10 Myr and extends to within 1 Myr of the Proterozoic-Cambrian transition (Saylor et al., 1998 ).
Evaluating Diagenesis
Smooth and consistent variation in δ 13 C values throughout the sampled sections that parallels δ
C variations of contemporaneous terminal Neoproterozoic sections (Fig. DR1)
from China (Condon et al., 2005; Jiang et al., 2003) , Australia (Calver, 2000; Calver, 1995) , and Oman (Fike et al., 2006) suggests that the sampled Nama Group sections are a near-primary record of oceanic δ 13 C and that the Nama subbasins were connected to the global ocean over this interval (Saylor et al., 1998; Grotzinger et al., 1995) .
High-quality preservation (Narbonne et al., 1994) δ 34 S pyr also tends to exhibit extreme resilience to thermal alteration (Baumgartner and Valley, 2001) . Sulfidic black shales subjected to a metamorphic gradient ranging from chlorite to sillimanite grade, spanning temperatures from 300 to 600°C, exhibited only a weak, inverse relationship between metamorphic grade and δ 34 S pyr (Oliver et al., 1992) .
It is therefore unlikely that meteoric or thermal diagenesis was responsible for the 34 Senriched pyrite observed in the Nama Group carbonates. In fact, diagenesis appears to have imparted the opposite effects, i.e., pyrite that is depleted in 34 S, relative to CAS (Fig. DR 2b,c). Prior reports of anomalously 34 S-enriched pyrite (numbers correspond to those in Fig. 2 ):
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Terms and formulae used in the Rayleigh fractionation model (Fig. 4 of manuscript)
Terms: Formulae:
Seawater [SO 4 2-] at the Terminal Proterozoic

Nama-Ara Group comparison (cont'd)
Although it is possible that the Nama (Namibia) and Ara Group (Oman) carbonates were deposited in semi-isolated basins (of substantially differing sulfate concentrations), their similar δ 13 C profiles argue against this. Nonetheless, if sulfate concentrations were low enough to make the residence time of seawater sulfate less than the mixing time of the oceans, then regional differences in [SO 4 2- ] would be compatible with globally synchronized δ 13 C. Indeed, the recent report showing wide variations in Fe HR /Fe T amongst coeval late Neoproterozoic shales (Canfield et al., 2008) suggests that the oxidation state of the ocean, and its associated concentrations of dissolved Fe(II) and sulfate, may have exhibited significant spatial heterogeneity throughout this period.
Estimates from fluid inclusions
Measurements of fluid inclusions obtained from the Ara Group suggest that seawater [SO 4 2-] in the basin was much higher (20.5 ±4.5 mM, Lowenstein et al., 2003; ≥23 mM, Horita et al., 2002 ) than values inferred from the Ara Group sulfur isotope data (Fike et al., 2006) . However, less than one-third (~6.5 mM) of the [SO 4
2-] reported for these fluid inclusions was measured directly; the balance (~14 mM) was inferred to have been lost via precipitation of CaSO 4 during early-mid stage evaporation of the brine (Lowenstein et al., 2003) . Given these assumptions, there is substantial uncertainty associated with the fluid inclusion-based estimates of seawater [SO 4
2-] at the terminal Proterozoic. Figure DR1 . Calcium carbonate δ 13 C record of contemporary terminal Neoproterozoic sections from China (Condon et al., 2005; Jiang et al., 2003) , Australia (Calver, 2000; Calver, 1995) , Oman (Fike et al., 2006) , and Namibia (this study; Saylor et al., 1998; Workman et al., 2002) . Synchroneity between Nama Group δ 13 C and δ
Figure Captions for Supplementary Figures DR1 and DR2
13
C from contemporaneous formations from other continents suggests that the Nama Group carbonates are well-preserved and were deposited in a basin connected to the global ocean. Ages of the Nama Group are estimated from U-Pb lead dates obtained from volcanic ash beds within the group , assuming a constant rate of sedimentation between these ashbeds. Ages of the other sections were estimated using methods similar to those described in Fike et al (2006) . Figure DR2 . 
